Background: Analysis of metabolic alterations and body composition in adolescents.
Introduction
The World Health Organization defines adolescence as the period between 10 to 19 years of age that involves physical, psychological and social transformations, which can manifest in different ways and at periods for each individual Contrarily to what occurred until recently, when the concern regarding obese children and adolescents was the high risk of becoming obese adults, currently, the main concern is related to the consequences of obesity still during these early phases of life. Problems such as the formation of atherosclerotic plaques, glucose intolerance, non-insulin dependent diabetes mellitus, dyslipidemia, arterial hypertension, hyperleptinemia, among others, associated to the body fat distribution found in obese adults, are already present in obese children and adolescents. The development of insulin resistance seems to led to the metabolic syndrome, which includes a higher number of complications such as dyslipidemia and arterial hypertension 3 
.
Oliveira et al 4 state that one must take into account the presence of early atherosclerosis lesions as early as in the first decade of life. The presence of metabolic alterations -insulin resistance, dyslipidemia, hypertension, thrombogenic alterations, and hyperuricemia -can contribute to the development of this process, as there is an association between the excess weight in the first decades of life and the high rate of morbimortality in the adult life due to cardiovascular diseases. Therefore, this study aimed at assessing the correlation between serum levels of lipids, glycemia, insulin, homocysteine, HOMA-IR and blood pressure among them and with the body composition variables, in female adolescents.
Methods Sample
This was a cross-sectional epidemiological study and the population consisted of 100 female adolescents aged 14 to 17
Original Article years, recruited from public high schools in the city of Vicosa, state of Minas Gerais, Brazil. The enrolled adolescents had had menarche at least one year prior to study enrollment; those who presented chronic diseases, regularly used medications that could alter the blood pressure (BP), fasting glycemia or lipid metabolism, had used oral contraceptives for less than 2 months, regularly used diuretics/laxatives, had pacemaker or prosthesis and those who refused to participate in the study were excluded.
Menarche is an easy-access marker of pubertal development, demonstrating that the adolescent has gone through the growth spurt, that is, has undergone the physiological body alterations of this age range. Therefore, this study assessed female adolescents one year after menarche, as they are expected to be at the phase of sexual maturation, resulting in a more homogenous group.
The sample selection was based on the total number of adolescents, at the age range of interest, registered during the year 2006 in public high schools in the urban area of the city of Vicosa, state of Minas Gerais, Brazil 5 . The sample was calculated through the Epi Info program, version 6.04 for cross-sectional studies, considering a total population of 2,500 individuals, expected frequency of metabolic syndrome of 8% and variability of 2.5%, totaling 90 individuals, with a 95% confidence interval. Ten percent was added to recover possible losses related to withdrawal from the study. Of all the adolescents that met the inclusion criteria (n=336), a random selection was carried out by drawing lots until a sample of 100 adolescents was obtained. each individual participated only once in the drawing of lots, that is, the name drawn was included in an appropriate protocol and was not returned to the remaining names that were still available for the respective purpose.
Of all the adolescents invited to participate in the study, 18 refused to do it and thus, a new drawing of lots was carried out to substitute them.
The project was approved by the Committee of Ethics in Research in Humans of the Federal University of Vicosa.
Methods
Weight was measured on a digital scale, with a maximum capacity of 136 kg and a 100 g-subdivision, and height was measured in a stadiometer, with a 2-meter extension and o.1-cm scale, with a plastic viewer and a set square couple to one of the extremities. Weight and height were measured according to the techniques recommended by Jellife 6 .
The assessment of the nutritional status was carried out through the calculation of the body mass index (BMI), using the cutoffs and anthropometric reference established by the Center for Disease Control and Prevention -National Center for Health Statistics (CDC/NCHS, 2000) 7 . Adolescents with overweight risk and overweight (> p85) were grouped in excess weight [8] [9] [10] .
The Body Mass Index of Fat (BMIF) and the Fat-free Body Mass Index (FFBMI) were also calculated. Body fat location was carried out by adding the bicipital skinfold -BSF, tricipital skinfold -TSF, (peripheral fat -PF) and subscapular skinfold -SSSF, suprailiac skinfold -SISF (central fat -CF), using a Lange Skinfold Calipe equipment.
The waist and hip circumferences were measured with a flexible and inelastic measuring tape with a 2-meter extension, divided in centimeters and sub-divided in millimeters, taking care not to exercise pressure on soft tissues. The waist/hip ratio (WHR) was calculated. The percentage of body fat as well as the fat mass and fat-free mass was estimated in kilograms, using a tetrapolar horizontal electrical bioimpedance equipment (Biodynamics, model 310, version 7.1). The assessment was carried out between 7 AM and 8:30 AM, following a protocol of care prior to the test 9 . The percentage of body fat was analyzed according to the classification proposed by Lohman 11 .
The values obtained with the bioimpedance equipment were compared with the equation for the prediction body fat Blood was collected from the participants after a 12-hour fasting for glycemia, plasma insulin and homocysteine analysis, as well as to for the assessment of serum lipids, such as total cholesterol, triacylglycerols, HDL (high density lipoprotein), LDL (low density lipoprotein) and VLDL (very low density lipoprotein).
For altered results related to dyslipidemia and fasting insulin levels (> 15µU/mL) the cutoffs for adolescents were those recommended by the I Directive of Atherosclerosis Prevention in Childhood and Adolescence 
Software and Statistical Analysis
Data analysis was carried out using the Epi Info, version 6.04 and Sigma Statistic for Windows software. Pearson's or Spearman's correlation test and Analysis of Variance (ANOVA) were used for comparisons among the three independent groups, complemented by the Multiple Comparisons test, Student's t test, or Mann-Whitney test, depending on the characteristics of the variables. The level of the null hypothesis rejection was < 0.05 or 5%.
Results
The mean age range was 16.02 ± 0.67 and the median was 15.96 years. Age at the menarche showed mean, median, minimum and maximum values of 12.32 (± 1.14); 12.08; 10.0 and 15.07 years, respectively. The prevalence of overweight and low weight was 11% and 6%, respectively. However, when classified by the percentage of body fat, 48 and 61% of the adolescents, respectively, presented overweight risk or overweight, according to the bioimpedance data and the formula used in the analysis.
Total cholesterol total was the marker that showed the highest degree of inadequacy (57%), followed by the HDL (50%) and LDL fractions (47%) and triacylglycerols (22%). Regarding the fasting insulin, 9% presented inadequate levels, whereas 4% presented altered fasting glycemia levels. HOMA-IR index was elevated in 11% and 5% had altered BP levels. Table 1 shows the median values of the anthropometric and metabolic characteristics in relation to the adolescents' nutritional status. Table 2 shows the correlation between the number of risk factors presented by the adolescents (overweight risk/ overweight, high percentage of body fat, total cholesterol, triacylglycerols and LDL results above the desired levels, HDL results below the desired levels as well as altered BP, fasting glycemia and insulin levels and insulin resistance defined by the HOMA-IR index) and the anthropometric, body composition, biochemical and blood pressure variables. Tables 3, 4 and 5 show the correlations among the anthropometric, body composition, biochemical and blood pressure variables.
Discussion
Most of the studied adolescents were eutrophic, when analyzed by BMI, but they presented alterations such as excess weight calculated by the BMI as well as by the percentage of body fat. The excess weight was associated to higher total cholesterol, insulin and insulin resistance levels, as well as with body composition variables. In this sense, it is noteworthy that, even with a predominance of eutrophic adolescents in the studied sample, 96% presented one or more alterations related to body composition and metabolic variables, with correlations being observed between the number of alterations and most of the analyzed variables, except for height, homocysteine, systolic and diastolic blood pressure levels ( Table 2) . These risk factors, when considered alone, have the capacity to induce atherosclerotic cardiovascular disease. The attempts to establish diagnostic criteria for the metabolic syndrome are based on the principle that these components can act synergistically or as a group, increasing the risk, which has yet to be demonstrated 16 .
The isolated measurement of the abdominal circumference has shown a better association with the metabolic alterations than the WHR, as confirmed by the present study, in which the isolated measurements of the waist and hip circumferences presented higher correlation with the metabolic and body composition variables than the WHR, showing that the latter was not a good index of body fat for adolescents. According to Oliveira et al 4 , the WHR in adolescents is not appropriate to evaluate the distribution of body fat, as the pelvic bone structure undergoes rapid alterations during the sexual maturation process and thus, the WHR can be more related to this variation than to the body fat distribution itself.
However, no cutoffs have been established for the abdominal circumference that would indicate the risk of an adolescent developing cardiovascular disease in the future. Therefore, for adolescents, BMI seems to be a better criterion for obesity classification, considering that even at early ages, BMI is generally associated to the onset and development of risk factors that can predispose adults to a higher incidence of metabolic and functional disorders, in addition to being easy to use and correlating to body fat 17 .
Despite the positive and significant correlation between BMI and the measurements that estimate the percentage of total body fat, as well as its central distribution observed in the present study and others 18, 19 , the isolated use of the BMI is not indicated, as it presents some limitations. According to Wells 20 , obesity is the excess of body fat and not the excess of body weight and the isolated use of the BMI for routine body composition assessments, in at-risk individuals, may fail in the identification of excess body fat and its associated risk factors in the population aged < 20 years.
It is necessary to complement the use of the BMI in the nutritional assessment with other measures that can assure the adequate measurement of the percentage of total body fat, as well as its distribution. Therefore, it would be very important 
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The isolated measure of the percentage of body fat, measured by horizontal bioimpedance, was also correlated to insulin and its resistance, as well as the BMI, in addition to being well correlated with the studied anthropometric variables. It is noteworthy the fact that weight and height, which are BMI components, do not behave in a similar fashion, considering that only the weight presented a positive correlation with BMI and the percentage of body fat, justifying its use to verify the presence of body fat.
However, the electrical bioimpedance analysis has its limitations, such as the lack of knowledge of the formulas used in the equipment. The present study used a formula that has been validated for adolescents, for the comparison of the results presented at the equipment reading. It was observed that the formula proposed by Houtkooper et al 12 for adolescents aged 10 to 19 years presented higher correlations than the results given by the equipment, and this formula values were different from those obtained through the equipment (p<0.0001). Therefore the data provided by the formula are better, due to their higher sensitivity, resulting in a better diagnosis of the adolescents with excess body fat, allowing the prevention of future risks.
It is noteworthy that the excess amount of body fat in adolescents is accompanied by a greater deposit of fat in the abdominal region in relation to the extremities, regardless of gender. The predominance of body fat in the abdominal region has been associated to several metabolic disorders, such as altered fasting glycemia, insulin resistance, diabetes mellitus and dyslipidemia 4 . In this study, it was observed that the central fat is strongly associated to other anthropometric variables, in addition to a higher correlation with LDL, TC/HDL, LDL/HDL, fasting insulin and insulin resistance itself.
However, one must be careful when using international references for cutoffs in adolescents when comparing the nutritional status of the Brazilian population with reference intervals from other countries, generally from the United States of America. This practice, which disregards differences in ethnicity, culture, socioeconomic conditions, physical constitution and eating habits of the Brazilian population, can lead to biases, impairing the surveillance of the nutritional status in the country.
Several indices have been developed to evaluate insulin resistance. Studies carried out by Keskin et al 21 , comparing the HOMA and QUICKI indices, observed that the HOMA-IR index is the most sensitive and specific to evaluate insulin sensitivity. Additionally, these same authors determined that the cutoff for adolescents is 3.16, which is different from that of adults.
A HOMA-IR index that was above than the expected was observed in 11% of the adolescents. However, the mean values of HOMA-IR in the present study were higher than those observed in a study that evaluated female adolescents aged 12-19 years, in which the highest values were found in the overweight group, with a mean of 2.24, whereas the mean in the group without overweight was 1.91 8 . This shows that the interaction of the factors (nutritional, obesity and amount of 
Original Article body fat) can be the cause of higher insulin resistance levels. It is suggested that the deposition of abdominal fat is probably greater in the adolescents that presented elevated body fat and that this variable is correlated with the insulin levels (r=0.303; p<0.001) and HOMA-IR (r=0.281; p<0.001). However, other factors might also have given a strong contribution to this system, such as an inadequate lifestyle.
The levels of insulin and HOMA-IR positively correlated with the body variables, except height and WHR, in addition to correlating with triacylglycerols, VLDL, TC/HDL, LDL/HDL and glucose. The results indicate that the level of insulin resistance must be monitored in adolescents with excess weight and body fat, as it seems that, the higher the insulin resistance, the higher the presence of cardiovascular risk factors, the higher the prevalence of metabolic syndrome and, consequently, the higher the risk of premature development of diabetes and cardiovascular diseases 4 .
Hyperinsulinemia is considered an independent risk factor for cardiovascular diseases, as it has an important role in the development of other components of the metabolic syndrome, such as dyslipidemia, hypertension and hyperuricemia 22 . A high correlation was observed between insulin and HOMA-IR (r=0.983), emphasizing that the isolated level of insulin is a good indicator of insulin resistance.
Another point to be considered is the high percentage of inadequate lipid levels found in this study, even in eutrophic adolescents without excess body fat. It is worth mentioning that the TC and HDL means and medians presented by the adolescents were already inadequate (154.1±29.2mg/dL and 44.1±11.1mg/dL, respectively), that is, these results indicate that 50% or more of this population already presented alteration in relation to these lipid levels. Additionally, the eutrophic adolescents already presented cholesterol levels that were above the desired range ( Table 1 ).
The lipid levels undergo variations during the growth and development phase, caused by sexual maturation, with differences according to age and sex. They are higher in female children and adolescents and this difference is more significant during adolescence. On average, girls present higher levels of TC, HDL and LDL, with a progressive increase in HDL from 10 years on, becoming higher than that observed in boys at the end of adolescence. Similarly, the LDL and total cholesterol levels progressively increase from 14-15 years of age in girls, being higher than those observed in boys around 17-18 years. Perhaps menarche is important for the development of this phenomenon in adolescence 14 . Triacylglycerols are substrates for the formation of VLDL; therefore, when the blood levels of triacylglycerols increase, there is consequently an increase in the levels of this lipoprotein 23 , explaining the perfect correlation between these two lipid levels. Moreover, triacylglycerols and VLDL present higher correlations with the metabolic variables, including HOMA-IR and insulin, than total cholesterol and fractions, showing a higher association with insulin resistance.
This result can indicate the importance of insulin level measurements in adolescents with hypertriglyceridemia to verify the presence of insulin resistance. Furthermore, the lipid levels presented a correlation among them and with other cardiovascular risk variables, such as glucose, insulin and HOMA-IR. Considering the important causal association between dyslipidemia and atherosclerosis and how early the onset of atherosclerotic vascular lesions can occur, it is crucial to know the lipid profile of the adolescents, with the objective of planning preventive health care actions 24 .
Homocysteine has been considered an important risk factor for coronary artery disease 25 and although the homocysteine levels appear to have a direct association with insulin levels in obese children and adolescents 26 , there was an inverse correlation between insulin (r=-0.233; p<0.05) and HOMA-IR (r=-0.215; p<0.05). However, no correlation was observed between homocysteine and the body composition variables and most of the metabolic variables. These results can be due to the fact that the risk of the presence of cardiovascular diseases is lower than that among adults and, therefore, homocysteine was not a good indicator of these diseases in adolescents.
Although most of the correlations were considered weak (r<0.5), albeit significant (p<0.05), we must carefully consider these results, which are very relevant to help the nutritional intervention in this population. However, further studies are necessary to better understand the alterations found in this age range.
The prevalence of arterial hypertension in the present study is in accordance with epidemiological studies on primary hypertension in childhood and adolescence carried out in Brazil, varying from 0.8 -8.2% 27, 28 . The BP did not present a correlation with the body composition variables, but only between the systolic pressure and homocysteine. These data can be due to the fact that most adolescents were eutrophic, as there is an association between obesity and risk of hypertension in childhood and adolescence 14 .
The results of the present study are the object of concern, as the metabolic and body composition alterations in adolescence can persist in adult life. Oliveira 19 carried out a study with 100 male individuals, in three different phases of life: at birth, at the end of adolescence (18 and 19 years) and at the end of the adult life. The BMI in adolescence positively correlated with the weight and BMI in the adult life (r =0.634; p<0.001; r =0.678; p<0.001; respectively). The adults with metabolic syndrome presented in adolescence higher weight, waist circumference and BMI values, reinforcing the observation that the increase in the prevalence of overweight/obesity in adolescence can reflect on the increase in the prevalence of metabolic syndrome in the adult phase. It was concluded that the adolescence, specifically the end of this period, seems to be of great importance in determining the nutritional status and in the prevention of future problems.
One must consider, however, some limitations of the present study. The most important, surely, refers to the cutoffs, as there are no cutoffs that are internationally accepted for most of the studied variables to the present date. Although some correlations are considered weak, the results are extremely important, with significant implications on clinical 21 . Keskin M, Kurtoglu S, Kendirci M, Atabek ME, Yazici C. Homeostasis model assessment is more reliable than the fasting glucose/insulin ratio and quantitative insulin sensitivity check index for assessing insulin resistance among obese children and adolescents. Pediatrics. 2005; 115 (4): e500-e503.
practice, as it addresses relevant questions concerning the studied group.
Conclusion
In spite of the predominance of eutrophic adolescents, risk factors for the development of metabolic syndrome and, consequently, of cardiovascular diseases, were found. These factors were more prevalent among adolescents with excess weight and body fat, as they presented higher levels of TC, insulin and HOMA-IR.
Although some correlations were considered weak, the results also indicate that insulin resistance is a factor that must be monitored in adolescents with excess eight and body fat, as it seems that, the higher the level of insulin resistance, the higher the presence of cardiovascular risk factors, the higher the prevalence of metabolic syndrome and, consequently, the higher the risk of the premature development of cardiovascular diseases.
Therefore, it is important to adopt measures that will allow an early diagnosis of these alterations. Adolescence is emphasized as the appropriate moment to establish these measures, so that they will have a positive impact on the cardiovascular diseases in the future, as this group becomes relevant and strategic in terms of public health, health promotion and disease prevention. Hence, we reinforce the need to establish specific programs directed at the adolescents' health care.
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